Computational Studies of Talin-Mediated Integrin Activation  by Kalli, Antreas C. et al.
430a Tuesday, February 5, 20132206-Pos Board B225
Solid-State NMR and Fluorescence Spectroscopy of Antimicrobial
Methylated-Tryptophan Lactoferricin Peptides with Gln, Gly or Pro as
the Central Residue
Colby Smith, Denise V. Greathouse.
University of Arkansas, Fayetteville, AR, USA.
In recent years pathogenic bacteria have become increasingly resistant to com-
mon antibiotics, leading to a demand for new, more potent antibacterial drugs.
The 25 amino acid peptide lactoferricin (LfB25) exhibits broad spectrum
antimicrobial properties and is of interest for drug development. A cationic
amidated hexapeptide, (LfB6: RRWQWR-NH2), containing three arginines
and two tryptophans has been identified as the ‘‘antimicrobial active site.’’
Our lab has shown that the antimicrobial activity of LfB6 can be enhanced
by methylation of the tryptophan indole nitrogen (MeTrp). After selective deu-
teration of the MeTrp residues, membrane interactions can be examined by
solid-state 2H NMR spectroscopy in oriented bilayers composed of mamma-
lian- and bacterial-like membranes. A symmetric heptapeptide with four
arginines and two methyl-tryptophans (RRMeWQMeWRR-NH2; LfB7
MeTrp 3,5) was designed and found to increase antimicrobial activity relative
to LfB6. 2H NMR spectra reveal that the MeTrp residues are aligned at the
membrane surface, while 31P NMR spectra indicate very little perturbation to
the lipid head groups. Partitioning assays in multilamellar vesicles demonstrate
an increase in membrane binding correlated with percent anionic lipid, and Trp
emission fluorescence spectroscopy confirms that the MeTrps are more water
exposed in neutral compared to anionic lipid membranes. To investigate the
importance of backbone flexibility for activity and membrane interaction, the
central glutamine of the heptapeptide has been changed to either Gly or Pro.
Initial results indicate that the Pro-constrained peptide, RRMeWPMeWRR,
is less antimicrobial and has weaker membrane alignment and binding than
when Gln is the central residue. We will present results for the more flexible
peptide with Gly as the central residue, RRMeWGMeWRR.
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Identifying Steroid Hormone Binding Sites on Human Serum Albumin by
2D NMR
Eileen S. Krenzel, Heidi A. Schwanz, Ravi Jasu, Michael Zakharov,
Shalendar Bhasin, James A. Hamilton.
Boston University School of Medicine, Boston, MA, USA.
Steroid hormones, such as testosterone and estradiol, are often prescribed to the
aging population as an attempt to combat symptoms associated with lower hor-
mone levels (i.e. poor sex drive, weight gain, and fatigue). In human serum,
these hormones bind reversibly to the sex hormone binding globulin (SHBG)
and to a lesser extent to albumin. The specific sites on albumin and whether
hormone binding alters fatty acid (FA) binding have not been established,
properties which both could affect delivery to cells and the choice of the
appropriate dosage of the hormone to give the desired therapeutic effect. To
study binding to human serum albumin (HSA), we examined displacement
of 13C-methyl-enriched oleic acid (OA) complexed with HSA in 2D NMR
spectra that resolve 9 binding sites and quantify their relative affinities for
OA. NMR studies were conducted within physiologically relevant concentra-
tions of HSA, at a molar ratio of 4:1 OA:HSA, and with non-physiological
levels of hormone. Testosterone and estradiol displaced OA in a low affinity
site for FA, which we previously identified as Sudlow’s Drug Site 2. Testoster-
one also partially displaced OA at FA Site 6, a low affinity FA binding site and
a secondary site for certain drugs, as identified by NMR and x-ray. Neither
hormone displaced FA in the medium affinity site corresponding to Sudlow’s
Drug Site 1. Our findings show that these steroids can bind to albumin in sites
that are not likely to interfere with FA binding under physiological conditions
with molar ratios that are less than 4:1 OA:HSA.
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Comparision of Membrane Interactions of Acylated and Non-Acylated
Lactoferricins by Solid-State NMR Spectroscopy andMolecular Dynamics
Simulations
Denise A. Greathouse1, Tod D. Romo2, Joshua N. Horn2, Alan Grossfield2.
1University of Arkansas, Fayetteville, AR, USA, 2University of Rochester
Medical Center, Rochester, NY, USA.
LfB6 (RRWQWR-NH2) is a tryptophan- and arginine-rich cationic antimicro-
bial peptide with broad spectrum activity derived from bovine lactoferrin.
Membrane binding occurs via electrostatic interactions between arginines
and negative charges on the bacterial cell membrane and intercalation
of the tryptophans at the membrane interface. N-terminal acylation
(CH3(CH2)4CO-RRWQWR-NH2; C6-LfB6) can enhance the antimicrobial
activity (Greathouse et al. (2008) J. Pept. Sci. 14:1103). Solid-state 2H and
31P NMR spectroscopy combined with all-atom and coarse-grained moleculardynamics (CG-MD) simulations have confirmed subtle differences between 1
mol% LfB6 and C6-LfB in bilayers composed of 3:1 POPE:POPG (anionic,
bacterial-like) and POPC (zwitterionic, mammalian-like). MD simulations re-
veal that the arginines of C6-LfB6 make first contact with POPE:POPG;
whereas the C6 tails are first to contact POPC. LfB6 shows no sequence pref-
erence. Additionally, C6-LfB6 inserts more deeply than LfB6 into both mem-
branes. Tryptophan emission fluorescence spectra suggest the tryptophans in
LfB6 and C6-LfB6 are more water exposed in neutral compared to anionic
membranes, while CG-MD simulations reveal that LfB6 comes off the
POPC membrane, exposing the tryptophans to water. Acylation, therefore,
increases the ‘‘stickiness’’ of the peptide for lipid bilayers. Although both
peptides at 1 mol% show significant membrane effects during short range sim-
ulations, C6-LfB6 has less influence on lipid order. We now compare experi-
mental and molecular dynamics results for LfB6 and C6- LfB6 at 4 mol%.
Solid-state 2H NMR spectra indicate that C6-LfB6 has a greater effect on
the lipid acyl chain order at 4 mol% compared to 1 mol%; whereas the effects
of LfB6 are similar at both concentrations. Molecular dynamics simulations
will be presented for comparison.
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Differential Interaction of Bovine Alpha-Lactalbumin with Membranes:
Interplay of Negatively Charged Lipids and Cholesterol
Arunima Chaudhuri, Shrish Tiwari, Amitabha Chattopadhyay.
Centre for Cellular and Molecular Biology, Hyderabad, India.
Many soluble proteins are known to interact with membranes and the mecha-
nism of such interactions in cellular processes is beginning to be understood.
Bovine alpha-lactalbumin (BLA) is a soluble protein and yet it interacts with
membranes. We recently reported the specific binding of apo-BLA with nega-
tively charged membranes using a variety of fluorescence approaches [1]. A
novel finding is that BLA exhibits an enhanced binding to negatively charged
membranes in the presence of cholesterol and it possesses cholesterol recogni-
tion/interaction amino acid consensus (CRAC), a motif recognized for pre-
ferential association with cholesterol in many proteins. We monitored the
specificity of sterol interaction by replacing cholesterol with 7-dehydrocholes-
terol (an immediate biosynthetic precursor of cholesterol), and observed that
BLA-sterol interaction is specific to membrane cholesterol. Significant Fluores-
cence Resonance Energy Transfer (FRET) was observed between the trypto-
phan residues of BLA and dehydroergosterol (a naturally occurring
fluorescent analog of cholesterol) in presence of negatively charged mem-
branes, indicating close proximity between them. Dipole potential measure-
ments upon BLA binding to membranes and docking studies of cholesterol
with BLA provide useful insight into the lipid selectivity of BLA binding to
membranes. Depth analysis by the parallax approach provides evidence for
interfacial localization of tryptophans of BLA when bound to membranes.
Taken together, our results assume significance in the light of tumoricidal
and antimicrobial functions of a-lactalbumin [2,3].
References:
1. Chaudhuri, A. and Chattopadhyay, A. (2010) Eur. Biophys. J. 40: S73-S74.
2. Svensson et al. (2003) Protein Sci. 12: 2794-2804.
3. Hakansson et al. (2011) PLoS ONE 6: e17717- e17717.
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Exploring Rhodopsin-Bilayer Interactions via Coarse-Grained Molecular
Dynamics Simulation
Joshua N. Horn, Ta-Chun Kao, Alan Grossfield.
University of Rochester, Rochester, NY, USA.
Proteins are dynamic in structure, with molecular motions dictated primarily
by local physical forces. Integral membrane proteins differ in the sense that
the environment plays a major role in protein flexibility and, in turn, function.
Rhodopsin, a G protein-coupled receptor, is a membrane protein whose func-
tion is dependent on major environmental factors, including lipid composition,
cholesterol concentration, and the ionic strength of the surrounding solvent. In
this work, we further explored these effects by utilizing coarse-grained molec-
ular dynamics to simulate large, native-like membranes for long timescales. We
discovered clear preferences at the surface of the protein for polyunsaturated
lipid tails, an effect that has been explored before with simulation, though
not at the timescales present in this work. We also noted preferential binding
regions for cholesterol, possibly suggesting specific binding sites.
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Computational Studies of Talin-Mediated Integrin Activation
Antreas C. Kalli, Iain D. Campbell, Mark S.P. Sansom.
University of Oxford, Oxford, United Kingdom.
Integrins are heterodimeric (ab) cell surface receptors that are involved
in many essential cellular processes, such as cell migration, as well as
Tuesday, February 5, 2013 431apathological defects like thrombosis and cancer. They are activated to a high
affinity state by the formation of a complex involving the b integrin cytoplas-
mic tail, the membrane and the head domain of talin, a large cytoplasmic
protein that links integrins to actin. Here, we model the binding and the inter-
actions of the complete talin head domain with a phospholipid bilayer, using
a multiscale approach that combines coarse-grained and atomistic molecular
dynamics simulations. The talin head domain has four sub-domains F0, F1,
F2 and F3, with a long positively charged loop inserted in the F1 domain.
The role of this F1 loop, which is missing from the crystal structure of the talin
head (PDB:3IVF), is also explored. The results show that the talin head domain
binds to the membrane predominantly via positively charged regions on the
F2 and F3 subdomains and the F1 loop. Upon binding, the intact talin head
adopts a novel conformation which optimizes its interactions with the
membrane. Subsequently, the same multiscale approach is used to probe the
formation of the talin/membrane/a/b-tail complex and how this complex
promotes a rearrangement of the integrin a and b trans-membrane (TM)
helices.
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How Different Ctxs Bind to a Lipid Nanobio Membrane?
Negin Maftouni, Mehriar Amininassab.
University of tehran, tehran, Iran, Islamic Republic of.
The interaction of cytotoxins, small three fingered proteins, with lipid bilayers
as cell’s membranes has many important biological effects in nature and may
lead to deform or in some cases rupture of lipid bilayers. Experimental obser-
vations have shown that cardiotoxins (cobra cytotoxins) damage nanobiomem-
branes in different cells and vesicles. However, the molecular mechanism of
this damage is not yet completely cleared. Molecular dynamics simulations
have been used here to study the interaction of some of these proteins with
a lipid nanobio membrane. different cytotoxins with different charges and com-
positions are simulated. The results show that the orientation of the proteins
when meeting the lipid membrane depends on charge, hydrophobicity and com-
position of the protein.
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Ras Nanoclusters and Membrane Domains
Alemayehu A. Gorfe, Zhelong Li, Lorant Janosi, Hualin Li.
University of Texas Medical School at Houston, Houston, TX, USA.
Lipid-anchored signaling proteins assemble into dynamic signaling platforms
on the plasma membrane [1] as well as in model membranes [2]. One of the
best characterized examples of these membrane-assemblies are those of Ras
proteins. Ras is a molecular switch that controls cell growth and proliferation.
The primary site of Ras action is the inner surface of the plasma. A fraction of
membrane-associated Ras proteins forms small transient preotlipid assemblies,
or nanoclusters, that are the exclusive sites of effector recruitment and activa-
tion. Therefore, nanoclusters represent novel therapeutic targets to prevent de-
fective Ras signaling, a common cause of many cancers. However, due to the
dynamic nature of nanoclusters, with critical events occurring on nano- to
micro-second time scales, major questions are difficult to address using current
experimental approaches. For instance, it is unclear why highly homologous
Ras isoforms form different clusters and whether nanoclusters sense/stabilize
curved membrane regions or facilitate membrane deformation. We have begun
to address these questions based on coarse-grained molecular simulations [3,4].
This presentation will focus on the role of cholesterol and protein concentration
on Ras clustering and the effect of the clusters on the mechanical properties of
the host membrane.
[1] Plowman, S. J.; Muncke, C.; Parton, R. G.; Hancock, J. F. Proc Natl Acad
Sci U S A 2005, 102, 15500-5.
[2] Weise, K.; Kapoor, S.; Denter, C.; Nikolaus, J.; Opitz, N.; Koch, S.; Triola,
G.; Herrmann, A.; Waldmann, H.; Winter, R. J Am Chem Soc 2011, 133,
880-7.
[3] Janosi, L.; Li, Z.; Hancock, J. F.; Gorfe, A. A. Proc Natl Acad Sci USA
2012, 109, 8097-102.
[4] Li, Z.; Janosi, L.; Gorfe, A. A. J Am Chem Soc 2012, In press.
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Atomistic Simulations Indicate Cardiolipin to have an Integral Role in the
Structure of the Cytochrome bc1 Complex
Sanja Po¨yry1, Pekka A. Postila1, Oana Cramariuc1, Karol Kaszuba1,
Ilpo Vattulainen1, Marcin Sarewicz2, Artur Osyczka2, Tomasz Rog1.
1Tampere University of Technology, Tampere, Finland, 2Jagiellonian
University, Krakow, Poland.
The reaction mechanism of the cytochrome bc1 (cyt bc1) complex relies on
proton and electron transfers to/from substrate quinone/quinol, which in turn
generates a proton gradient across the mitochondrial membrane used in the
ATP synthesis. Cardiolipins (CLs) have been suggested to both ensure thestructural integrity of the complex and take part in the proton uptake. We study
the issue by simulating the entire cyt bc1 dimer of purple photosynthetic bac-
terium Rhodobacter capsulatus embedded into a lipid bilayer using all-atom
molecular dynamics. In the 200 ns simulations CLs position themselves in
the dimer interface and around the protein close to the higher potential heme
groups of the enzyme complex’s catalytic Qi-sites, in line with the positioning
seen in the crystal structures. The arrangement of CLs close to the Qi-sites sup-
ports the proposed view of these highly charged phospholipids as key players in
the proton uptake. Based on the simulations we also present a refined dimer
arrangement for the cyt bc1 complex that encompasses the full effect of the
surrounding lipid environment. The periplasmic domains of the complex
spread against the membrane; moreover, this conformational shift was more
pronounced when Qo-site lacked a bound substrate. As a whole, the applied
modeling approach provides novel insights into the lipid-cyt bc1 dynamics,
complementing the previous experimental findings.
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Length and Sequence Dependence in the Association of Htt Protein with
Lipid Bilayers
Anu Nagarajan, Sudi Jawahery, Silvina Matysiak.
University of Maryland, College Park, MD, USA.
There is a fundamental gap in our understanding of how aggregates formed by
mutant Huntington (htt) protein with varying polyQ repeats gain toxic proper-
ties causing Huntington’s disease (HD). From experimental studies, it has been
known that the central and the most important step associated with toxicity is
the binding of mutant htt and its aggregates to lipids. It is also known that flank-
ing amino acid sequences around the polyglutamine stretch directly affects the
interaction with the lipid bilayer. The exact nature of these interactions and the
key steps of how these flanking sequences and polyglutamate length affect
structure of lipid bilayers are not known.
In this study, we use atomistic molecular dynamics simulations to study the na-
ture of interaction between the various mutant htt protein with the associated
flanking sequences around the polyQ stretch and we explore the changes in
these interactions with lipid bilayers by varying the length of the polyQ stretch
as well. We also study the effect of lipid compositions on these interactions.
Initial results from adsorption simulations of polyQ peptides show membrane
thinning and changes in the area of lipid head groups where the protein adsorbs.
Although we do not observe complete disruption of membrane structure, we see
significant compensation effects in the bottom leaflet of the membrane. We
compare these effects across the different flanking sequences and various
lengths of polyQ stretches and observe varying degrees of changes in the struc-
ture of the lipid bilayer.
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PIP2-Mediated Gating of the Inward Rectifier Potassium Channel Kir2.2
Mercedes Alfonso-Prieto, Lucie Delemotte, Michael L. Klein.
Temple University, Philadelphia, PA, USA.
Inward-rectifier Kþ (Kir) channels are ion channels that transport potassium
into the cell. They are essential to maintain the resting membrane potential
and to regulate the action potential duration in excitable cells [1]. As a conse-
quence, Kir mutations result in several diseases, such as periodic paralysis or
cardiac arrhythmia [1, 2].
The activity of Kir channels is regulated by phosphatidylinositol-(4,5)-bisphos-
phate (PIP2), a negatively charged phospholipid that has been recognized as one
of the major regulators of membrane excitability [2]. Recently, the MacKinnon
group has solved the crystal structure of Kir2.2 in the apo form [3] and in
complex with a PIP2 derivative [4]. PIP2 binding is shown to induce a large
conformational change of the linker connecting the transmembrane (TMD)
and cytosolic (CTD) domains, as well as the opening of the inner helix bundle
crossing (HBC) gate. However, the specific mechanism of Kir activation by
PIP2 is not known yet.
Here we have investigated the dynamics of PIP2-triggered channel gating
by means of molecular dynamics (MD). Simulations have been performed on
both the apo and holo states of the channel, embedded in a POPC membrane
in the presence of KCl. The trajectories obtained give further insight into
how the channel-PIP2 interactions drive the contraction of the linker and the
translation of the CTD towards the TMD, resulting in the separation of the
helices at the HBC gate. Additional free energy perturbation calculations
will be needed to provide an estimate of the binding affinity of PIP2 to the
channel and the extent of the cooperativity effect [5].
[1] Physiol. Rev. 90:291-366 (2010).
[2] Pflugers Arch. 460:321–341 (2010).
[3] Science, 326:1668-1674 (2009)
[4] Nature (Letter), 477:495-499 (2011)
[5] (a) Channels, 2:19-33 (2008). (b) J. Physiol. 586:1833-1848 (2008)
